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The development of post-kala-azar dermal leishmaniasis (PKDL) is associated
with acquisition of Leishmania reactivity by peripheral blood mononuclear
cells (PBMC)
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SUMMARY

PKDL develops in about 50% of Sudanese patients treated for visceral leishmaniasis (kala-azar). Patients
with kala-azar were entered into this study and followed for a period of up to 2 years. During follow up
12 patients developed PKDL and eight did not. Proliferative responses and cytokine production to
Leishmania donovani and control antigens were measured in vitro using PBMC isolated at the time of
diagnosis of kala-azar, after treatment of visceral leishmaniasis, during follow up, and at the time of
diagnosis of PKDL. Proliferative responses and interferon-gamma (IFN-vy) production were low at
diagnosis and increased after treatment of kala-azar in both patients who developed (group 1) and those
who did not develop PKDL later (group 2). In group 1, development of PKDL was always associated by
an increased PBMC response to Leishmania antigen in proliferation and IFN-vy production assays. There
were no differences in Leishmania antigen-induced production of IL-4, IL-5 and IL-10 between or
within the two groups. We have previously shown that Leishmania parasites spread to the skin during
visceral leishmaniasis and proposed that PKDL was the result of an immunological attack on parasites,
which have survived in the skin despite the drug treatment. The finding that PKDL develops after
treatment of kala-azar as Leishmania-reactive T cells start to circulate in peripheral blood in sufficient
numbers to be detected in in vitro assays supports this hypothesis.
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INTRODUCTION

The leishmaniases are protozoan diseases characterized by diverse
clinical manifestations depending on the host’s cell-mediated
immune response. Visceral leishmaniasis (kala-azar) caused by
Leishmania donovani is characterized by a depressed cellular
immune response and failure of PBMC to proliferate in response
to Leishmania antigens [1,2], possibly as a result of over-
production of IL-10 [3]. After treatment the ability to react is
restored and Leishmania antigens induce proliferation and
interferon-gamma (IFN-vy) production in the PBMC of most
individuals cured of kala-azar [4,5]. About half of the Sudanese
kala-azar patients develop PKDL, usually within months after
apparently successful treatment of kala-azar [6]. The condition is
characterized by the appearance of macules, papules or nodules in
the skin mainly of the face, extremities and trunk. In contrast to
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the situation in kala-azar patients, lymphocytes from the majority
of PKDL patients proliferate and produce IFN-vy in response to
Leishmania antigens [7]. However, it was previously unclear
whether PKDL development was associated with an increased
T cell response to the parasites, which might cause inflammation,
or alternatively to immune suppression, which could allow the
parasite to multiply in the skin. In this longitudinal study we
measured cellular responses and cytokine production to Leish-
mania antigens during kala-azar treatment and at diagnosis of
PKDL. We report that PKDL development is associated with the
acquisition of Leishmania reactivity by PBMC in proliferation and
IFN-vy production assays.

PATIENTS AND METHODS

Fatients

Sixty-four patients with visceral leishmaniasis (VL) were
recruited from villages in Gedaref State, Sudan, and from
hospitals in Khartoum, Sudan, as part of a longitudinal study. A
clinical history was obtained and a clinical examination was
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conducted. The diagnosis of VL was confirmed by the demonstra-
tion of Leishmania parasites in Giemsa-stained aspirates of lymph
nodes or bone marrow. Patients were treated with sodium
stibogluconate (Pentostam; Wellcome Laboratories, London,
UK) at a dose of 10 mg/kg per day and 20 mg/kg per day for
30 days for adults and children, respectively. After treatment the
tissue in which the parasites were first demonstrated was re-
examined (as a test of cure), and found to be free of parasites.
Venous blood samples were collected at the end of treatment, and
thereafter at between 3-5- and 7-month intervals. Of the 64
patients enrolled 29 could be followed for a period ranging from 6
to 24 months. Considering the availability of blood samples 20 of
these patients were included in this study. The 20 individuals in
the present study did not differ from the 64 originally entered into
the study with respect to age and sex. During follow up, 12 of the
20 individuals included in this study developed PKDL (group 1),
whereas the remaining eight did not (group 2) The high PKDL
development rate was not unexpected, since data from village-
based studies indicate that about 50% of Sudanese kala-azar
patients develop PKDL [6]. The diagnosis of PKDL was made
clinically [8]. The characteristics of the patients at diagnosis of
kala-azar are shown in Table 1. In agreement with previous
studies showing that PKDL is more common among children than
adults [6], patients in group 1 were younger than group 2 patients.
Since most PKDL lesions heal spontaneously [9], it was decided
not to treat patients who had PKDL for less than 6 months. All the
patients healed spontaneously during this period. The study
received ethical clearance from the Ethical Committee of the
Institute of Endemic Diseases, University of Khartoum. Patients
were enrolled in the study after informed consent had been
obtained from the patient or in the case of children from their
guardians.

Isolation of PBMC

Blood (20 ml) was collected by venepuncture into heparinized
vacutainers (Becton Dickinson, Rutherford, NJ). PBMC were
isolated by Lymphoprep (Nyegaard, Oslo, Norway) density
centrifugation and frozen using a controlled gradient freezing
device as previously described [10]. The cells were stored and
transported in liquid nitrogen. Before use the cells were rapidly
thawed and washed. Viability of the cells was determined by
trypan blue staining and cell viability was always > 90%. PBMC
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isolated from one donor at different time points were thawed and
tested in parallel.

Antigens

Leishmania donovani promastigotes (strain MHOM/SD/93/BMI)
isolated from a Sudanese VL patient were harvested during their
stationary phase of growth and frozen. The parasites were thawed,
sonicated, and centrifuged as described previously [11]. The
soluble protein (LDS) in the supernatant was used at a final
protein concentration of 25 wg/ml for stimulation of PBMC.
Soluble antigens from axenic amastigotes (LDA) of L. donovani
were prepared similarly by sonication and centrifugation [11]. The
soluble amastigote antigens were used at a final protein
concentration of 8 wg/ml. Purified protein derivative of tuberculin
(PPD) and tetanus toxoid (TT) were purchased from Statens
Serum Institute (Copenhagen, Denmark) and used at final
concentrations of 12 wg/ml and 3 wg/ml, respectively.

Proliferation assay and in vitro production of cytokines
PBMC were cultured in RPMI 1640 with HEPES 10 mm, L-
glutamine 58-4 wg/ml, penicillin 20 U/ml, and streptomycin
20 pg/ml (all from GiBco, Paisley, UK) supplemented with 15%
heat-inactivated pooled normal human serum (NHS). Experiments
were done in 96-well round-bottomed microtitre plates (Nunc,
Roskilde, Denmark). PBMC (150 wl1; 0-66 x 10° cells/ml) and
20 w1l of antigen were added to each well. Cultures were
incubated at 37°C in a humidified atmosphere containing 5%
CO, for 7 days. Antigen-stimulated cultures were labelled on day
6 with 20 wl/well of *H-thymidine (New England Nuclear,
Boston, MA) (1-85 mBg/well). On day 7 the culture supernatant
was stored at — 20°C for later determination of IFN-vy and IL-10
and cells were harvested onto glassfibre filters. The incorporation
of *H-thymidine into DNA was determined by a matrix 8-counter.

The proliferation assays were done in triplicate. The median
kilo counts per minute (kct/min) were recorded for each set of
samples. The proliferative responses to an antigen were expressed
as the increment in kct/min (kct/min stimulated cultures — kct/min
unstimulated cultures). A proliferative response was considered
measurable when the stimulation index (SI), (ct/min in stimulated
culture)/(ct/min in unstimulated culture) was >2 and the
increment > 0-3 kct/min.

For measurement of IL-4 and IL-5 release by antigen-
stimulated cultures of PBMC, parallel cultures were cultured for

Table 1. Characteristics of the kala-azar patients who later developed PKDL (group 1) and of those who did
not develop PKDL (group 2)

Group 1 (n =12) Group 2 (n =38) P*
Age, years (mean * s.d) 181 = 78 314 = 136 0.012(t)
Sex (F/M) 4/8 1/7 0.603(F)
Haemoglobin(g/dl) at 74 + 14 6-8 + 24 0.49(t)
admission (mean * s.d)
Leucocyte count ( x 10%ml) at 26 (1-8, 3-2) 3.0 (1-6, 3-7) 0.79(W,)
admission (median and 95% CI)
Spleen size (cm) at admission 87 =58 7+ 68 0.56(t)

(mean * s.d.)

*P values were calculated using Student’s #-test (t), Mann—Whitney test (W,) or Fisher’s exact test (F),

respectively.
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6 days, then pulsed with 1 um of ionomycin and 50 ng/ml of
phorbol myristate acetate (PMA) (both from Sigma, St Louis,
MO) for 24 h before the culture supernatants from triplicate wells
were harvested [12].

Detection of cytokines

IFN-y was measured by a double-sandwich ELISA. A specific
rabbit polyclonal IgG to human recombinant IFN-y and the
biotin-avidin system were used as described before [11].
Sensitivity was 0-13 ng/ml. IL-10 was measured by Quantigen
ELISA kit obtained from PharMingen (San Diego, CA).
Sensitivity was 7-8 pg/ml. IL-5 was measured using Cytosets
ELISA kits from BioSource Int. (Camarillo, CA). Sensitivity was
12 pg/ml. IL-4 was measured by ELISA as described before [12].
The sensitivity was 30 pg/ml. Cytokine production to an antigen
was expressed as the increment (pg/ml stimulated — pg/ml
unstimulated).

Statistical analysis

Data were evaluated using Sigmastat 5.0 (Jandel Scientific, San
Rafael, CA). Differences of sample means were evaluated by
Students’ t-test and the data presented as mean and s.d. If the data
were not suited to parametric testing, differences of sample
medians were tested by Wilcoxon—Mann—Whitney test, and data
presented as median and 95% confidence interval (95% CI).
P <0-05 was considered significant.

RESULTS

Clinical characteristics

Of the 64 kala-azar patients recruited for the study, we were able
to follow 29 clinically for a period of 6—24 months. From 20 of
these PBMC samples were available. The patients could be
divided into 12 who developed PKDL (group 1), and eight who
did not develop PKDL (group 2) during the follow-up period.
PKDL occurred 30-210 days after initiation of treatment for VL.
PKDL lesions healed without treatment in all patients within a
period of 30—180 days. Table 1 shows clinical and paraclinical
characteristics of the two groups of patients before treatment of
VL (Table 1). All patients responded well to treatment. Lymph-
adenopathy was compared between the groups, before and after
treatment (Table 2). A higher proportion in group 2 had
lymphadenopathy on admission, but the difference between the
groups was not statistically significant. However, after treatment

of VL (day 30) enlarged but unparasitized lymph nodes (as judged
by microscopy of lymph node aspirates) were found in all the
eight patients of group 2, but only in three of nine patients of
group 1 (P =0-009). Lymphadenopathy was found in six of
the group 1 patients, when they developed PKDL. In group
2, the prevalence of lymphadenopathy decreased after day 30
(P=0-003).

Lymphocyte proliferation

PBMC isolated before treatment of VL (day 0), after completion
of VL treatment (day 30) and during the follow-up period were
analysed (days 105-210 for group 1 and days 105—-180 for group
2). Figure 1 shows Leishmania antigen-induced proliferation of
PBMC from the two groups of patients. In both groups responses
were low at day O and increased during follow up. In group 1
development of PKDL was always associated with an increased
responsiveness, and the response measured in samples from the
point in time PKDL was diagnosed was significantly higher than
in the sample collected before PKDL development (P = 0-02 for
both LDA and LDS). At day 30, three of the group 1 patients had
developed PKDL and their LDA-induced PBMC responses were
significantly higher than the responses in group 1 patients who
developed PKDL later (P =0-02). At none of the time points
could differences in responsiveness be detected between the group
1 and group 2 patients.

PBMC from most patients responded by proliferation to PPD
and the responses tended to increase after day 0, but there were no
significant differences in the magnitude of the responses between
the groups (data not shown). The responses to TT were generally
low and only five of the 20 patients responded to this antigen (data
not shown).

IFN-vy production

Figure 2 shows Leishmania antigen-induced IFN-vy production in
PBMC cultures from the two groups of patients. In both groups
the LDA-induced IFN-vy response was low or absent at day 0 and
increased after treatment. The same pattern was seen in the
cultures stimulated with LDS, although two patients from each
group had a fairly high production of IFN-vy at day 0.

Within group 1, development of PKDL was associated with an
increased production of IFN-vy, and this increase was statistically
significant after stimulation by LDS (P = 0-02). As for the result
obtained by the proliferation assay, no differences were found
when comparing group 1 and group 2 patients. No statistically

Table 2. Lymphadenopathy at diagnosis of kala-azar (day 0), after completion of kala-azar treatment (day 30), at
diagnosis of PKDL in patients who developed PKDL (group 1), and at days 0, 30 and 105—-180 after diagnosis of kala-
azar in patients who did not develop PKDL (group 2)

Group 1 Group 2
Antigens Day 0 Day 307 Day 30-210% Day 0 Day 30 Day 105-180
Spontaneous 6/4 3/6 8/0 8/0* 2/6

fDay 30 in group 1 patients who had not yet developed PKDL.

tAt diagnosis of PKDL.

*A statistically significantly higher fraction than in group 1, day 30 (P =0-009) and group 2, day 105-180

(P=0-003).
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Fig. 1. Leishmania antigen (LDA and LDS)-induced proliferation (kct/min) of PBMC obtained from patients who developed PKDL (group 1,
left panels) and patients who did not develop PKDL (group 2, right panels). The PBMC were isolated at diagnosis of visceral leishmaniasis
(VL) (day 0), after treatment of VL (day 30) and during the follow up, after 105-210 days after initiation of treatment for VL. The period in
time during which patients in group 1 suffered from PKDL is indicated by filled circles. The responses of each patient are connected by lines.

significant differences in PPD- or TT-induced IFN-vy production
could be detected within or between the groups (data not shown).

IL-10, IL-5 and IL-4 production
Table 3 shows the spontaneous and antigen-induced IL-10 in PBMC
from the two groups of patients. The spontaneous production of
IL-10 at day 30 in group 1 was higher than in group 2, but the
difference did not reach significance. IL-10 production was down-
regulated in Leishmania antigen-stimulated cultures in both
groups, and down-regulation was significant in group 1 at day
30 (P =0-004 and P =0-02 for LDS and LDA, respectively).
The production of IL-5 in PBMC is shown in Table 4. PPD-
stimulated IL-5 production was statistically significantly higher in
group 1 compared with group 2 (P =0-005, 0-03, and 0-02 for
days 0, 30, and 105-180, respectively). TT-stimulated IL-5
production was significantly higher in group 1 than in group 2 at
days 105-180 (P = 0-05). Antigenic stimulation did not increase
the levels of IL-4 in culture supernatants. In fact, the presence of
both Leishmania antigens (LDA and LDS) as well as PPD and TT
in the cultures caused a statistically significant reduction of IL-4
levels (data not shown). However, there were no statistically

significant differences between spontaneous IL-4 production or
levels of IL-4 in antigen-stimulated cultures between or within
groups 1 and 2.

DISCUSSION

Post-kala-azar dermal leishmaniasis develops in 50% of Sudanese
kala-azar patients treated for VL [9]. We have previously shown
that subsequent PKDL development can be predicted by IL-10
production by keratinocytes and high levels of IL-10 in plasma
and PBMC cultures before treatment of kala-azar is initiated [13].
Thus the processes governing whether PKDL develops or not take
place during the systemic phase of the infection. The spread of
parasites to the skin is apparently not the determining factor, since
parasites are found in unaffected skin in both the kala-azar
patients who subsequently develop PKDL and those who do not
[13]. To monitor immunological reactivity between kala-azar
diagnosis and PKDL development, we followed the systemic
immune responses of kala-azar patients longitudinally from when
they were diagnosed up until 6 months after kala-azar diagnosis.
The most striking results were found when looking at the
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Fig. 2. Leishmania antigen-induced IFN-vy production (pg/ml) in PBMC cultures from patients before and after treatment of kala-azar. For

explanation see legend to Fig. 1.

acquisition of Leishmania-specific immunological reactivity
among the patients who developed PKDL (group 1). In all these
patients the PBMC reactivity to Leishmania antigens was higher
in the samples collected at diagnosis of PKDL than in the samples

collected prior to PKDL development. Furthermore, at day 30
after kala-azar diagnosis, at a point in time when some group 1
patients had developed PKDL and some had not, the Leishmania
antigen-specific responses were statistically significantly higher in

Table 3. Spontaneous and antigen-induced IL-10 production (median pg/ml (95% confidence interval)) from PBMC
of patients treated for kala-azar (groups 1 and 2 at day 30; group 1 at days 105-210; group 2 at days 105—180); group
1 patients developed PKDL and group 2 patients did not develop PKDL

Group 1 Group 2
Antigens¥ Day 30% Day 105-210 Day 30 Day 105-180
Spontaneous 63-0 (37-9, 120-5) 0-0 (00, 122-4) 9-8 (00, 119-5) 0-0 (0-0, 89-3)
LDS 0-0 (0-0, 0-0)* 0-0 (0-0, 0:0) 0-0 (0-0, 0:0) 0-0 (0-0, 50-8)
LDA 0-0 (00, 0-2)* 0-0 (0-0, 0:0) 0-0 (0-0, 0:0) 0-0 (0-0, 0-0)
PPD 76-5 (2-8, 126-8) 40-8 (30-2, 231-6) 476 (177, 69:3) 94-8 (2-1, 140-0)
TT 193 (0-0, 60-4) 14 (0-0, 66-3) 0-0 (0-0, 13-8) 0-0 (00, 6:5)

TAntigens: LDS, Leishmania donovani promastigote supernatant; LDA, L. donovani amastigote; TT, tetanus

toxoid.
iDays after diagnosis of kala azar.

*A statistically significantly lower IL-10 production than the spontaneous production (P < 0-02).
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Table 4. Spontaneous and antigen-induced IL-5 production (median pg/ml (95% confidence interval)) from PBMC of patients before treatment (day 0)
and after treatment of kala-azar; group 1 patients developed PKDL and group 2 patients did not develop PKDL

Group 1 Group 2
Antigens Day 0 Day 30 Day 105-210 Day 0 Day 30 Day 105-180
Spontaneous 443 (2-3, 95-9) 276-7 (88-5, 487-0) 171-0 (131, 329-0) 63-4 (35-4,308-4) 1196 (71, 140-9) 2077 (119, 590-5)
LDS 0-0 (0-0, 76-2) 0-0 (0-0, 0-0)* 0-0 (0-0, 66-4)* 0-0 (0-0, 0-0)* 0-0 (0-0, 0-0)* 0-0 (0-0, 3-9)*
LDA 6-3 (0-0, 18-6) 0-0 (0-0, 9-8)* 0-0 (0-0, 0-0)* 0-0 (0-0, 0-0)* 0-0 (0-0, 34-6)* 0-5 (0-0, 40-8)*
PPD 93-2 (120, 335:0)**  376-7 (183, 580-0)**  406-6 (211, 900-0)** 0-0 (00, 3-9) 286 (0-0, 165-5) 827 (42-1, 208-8)
TT 9-0 (0-0, 72-3) 0-0 (0-0, 602-1) 757-6 (226, 864-4)** 0-0 (0-0, 3-9) 4.8 (0-0, 102-3) 1-5 (0-0, 33-5)

For antigens and days, refer to Table 3.

*Statistically significantly lower IL-5 production than spontaneous production (P < 0-05).
**Statistically significantly higher IL-5 production than in group 2 patients (P < 0-05).

those who had developed PKDL than in those who had not.
Together these results strongly suggest that there is an association
between the occurrence of the skin rash and the appearance in
peripheral blood of Leishmania-specific lymphocyte reactivity by
proliferation and IFN-y production to antigenic stimulation
in vitro. At no point in time could marked differences be detected
in proliferative response or IFN-y production to Leishmania
antigen between the group who developed PKDL and those who
did not. This indicates that the presence of a systemic Thl-type
immune response was not sufficient to develop PKDL in group 2.
In an attempt to measure Th2 immune responses we measured IL-
4, IL-5 and IL-10 in PBMC supernatants. When comparing within
group 1 longitudinally we could not detect any differences
between production of these cytokines before and after PKDL
development. We have previously reported that IL-10 production
in the presence of Leishmania antigen at day O (diagnoses of VL)
was higher in group 1 than in group 2 [13]. In this study we did not
find differences in IL-10 production at later points in time.

The spontaneous production of IL-4, IL-5 and IL-10 was
down-regulated in the presence of Leishmania antigens in almost
all patients at all points in time, but to our surprise we found that
IL-5 production in the presence of PPD was statistically
significantly higher in group 1 than in group 2. The significance
of this finding is unclear.

T cell response to Leishmania antigens are suppressed in
patients with VL [1,3,4,14] and patients who recover from VL
develop T cell reactivity to Leishmania which can be character-
ized as a mixed Th1/Th2 type of response [5]. This resembles the
response seen in PKDL patients, since PBMC from most patients
respond to Leishmania antigen by proliferation [2,7,8,15,16] and
IFN-vy production [7], although in one study from India PBMC
from PKDL patients were reported to be unresponsive to
Leishmania [17]. Previously, we have characterized the local
immune response in the affected areas of the skin in PKDL
patients [7,8]. It is characterized by the presence of parasites or
parasite antigen and an influx of inflammatory cells [7] of which
many are T cells. In the lesion there is production of IFN-v, IL-4
and IL-10 [7]. We show here that PKDL development in group 1
was associated with an increased systemic ability of PBMC to
respond by proliferation and production of IFN-vy in response to
Leishmania antigen. We have previously found that parasites
spread to normal looking skin during kala-azar [13] and that
PKDL lesions are characterized by an inflammatory infiltrate and

the presence of parasite antigens [7]. Together, these findings
indicate that PKDL development is a result of an immunological
attack on parasites that spread to the skin during kala-azar, and
survive there despite treatment. Why is PKDL not developed in
the group 2 patients? We have previously shown that parasites are
present in the skin of these patients during kala-azar, and we show
here that the systemic immune response to Leishmania increases
in these individuals, and resembles the responses in those who
develop PKDL (group 1). Furthermore, all group 2 patients had
lymphadenopathy after treatment of kala-azar, whereas most of
the group 1 patients did not have lymphadenopathy at this point
in time, but had it when PKDL was diagnosed. This could
suggest that the immune system was more effective in killing
parasites in group 2 than in group 1 patients, and that the lack
of PKDL development in group 2 patients was due to the fact
that the parasites in the skin were killed during drug treatment
of kala-azar.
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